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Recently Bauer et al. [1] proposed ANUBIS, an auxiliary detector to be installed in one of the
shafts above the ATLAS or CMS interaction point, as a tool to search for long-lived particles.
Here, we study the sensitivity of this proposal for long-lived heavy neutral leptons (HNLs) in both
minimal and extended scenarios. We start with the minimal HNL model where both production
and decay of the HNLs are mediated by active-sterile neutrino mixing, before studying the case of
right-handed neutrinos in a left-right symmetric model. We then consider a U(1)B−L extension of
the Standard Model (SM). In this model HNLs are produced from the decays of the mostly SM-like
Higgs boson, via mixing in the scalar sector of the theory. In all cases, we find that ANUBIS has
sensitivity reach comparable to the proposed MATHUSLA detector. For the minimal HNL scenario,
the contributions from W ’s decaying to HNLs are more important at ANUBIS than at MATHUSLA,
extending the sensitivity to slightly larger HNL masses at ANUBIS.
I. INTRODUCTION
Recent years have seen a surge of interest in long-lived
particles (LLPs), both from experimental and theoret-
ical sides. Several new detectors have been proposed
to search for LLPs using the LHC beams: MATHUSLA
[2, 3], FASER [4–6], CODEX-b [7, 8] and AL3X [9, 10].
In addition, there is the SHiP proposal [11]. Different
from all the other experiments mentioned above, how-
ever, SHiP is a beam-dump experiment. For a recent
review on LLPs at the LHC see Ref. [12]. 1
Ref. [1] proposed a new far detector design called
“AN Underground Belayed In-Shaft search experiment”
(ANUBIS) to be constructed inside one of the shafts
above either the ATLAS or CMS interaction point (IP)
at the LHC. In this paper, we estimate the sensitivity
reach of ANUBIS for heavy neutral leptons (HNLs) in
various models and compare it with other proposed LLP
far detectors.
From the theory point of view, LLPs appear in a va-
riety of standard model (SM) extensions. Nowadays, in
the literature very often dark matter motivated “Higgs
portal” models are discussed as a motivation for LLPs.
However, LLPs have a long history. For example several
supersymmetric models, such as gauge mediated Super-
symmetry (SUSY) breaking models and split SUSY, have
∗ mahirsch@ific.uv.es
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1 A study of potential far detectors at future lepton colliders was
performed in Ref. [13].
been known for quite some time to predict LLPs; for a
recent review see Ref. [14]. We would also like to men-
tion explicitly bilinear R-parity breaking SUSY, where it
has been shown that the lifetime of the LLP is correlated
with the small neutrino masses [15].
The observation of neutrino oscillations has firmly es-
tablished that neutrinos have non-zero mass. (For the
experimental status of neutrino data, see for example
Refs. [16, 17].) Many different models have been pro-
posed to understand the small neutrino masses. The sim-
plest is the well-known type-I seesaw [18–22]. Here, neu-
tral leptons are added to the SM particle content. These
HNLs mix with the ordinary neutrinos after electroweak
symmetry breaking, typically VαN ∝ (Y ναNv)/mN , with
the light neutrino mass given by the famous seesaw rela-
tion: mν ∝ (Y νv)2/mN . The decay width of these HNLs
are suppressed by |VαN |2, leading automatically to very
long-lived HNLs, if their mass is below the electroweak
scale. 2
In the simplest HNL model both production cross sec-
tion and decay width are proportional to |VαN |2. How-
ever, there are a number of SM extensions, which give
much larger HNL production cross sections, while still
maintaining very long decay lengths. We will estimate
ANUBIS’s sensitivity for two of these: (i) the minimal
left-right symmetric model (LRSM) [24–26] and (ii) the
SM extended by an additional U(1)B−L group. For the
latter we use the model variant discussed in some other
2 The mixing between sterile and active neutrinos can be larger in
non-minimal seesaw models such as the inverse seesaw [23].
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2recent papers studying LLPs [27–29]. In all three model
variants we find that ANUBIS has sensitivity reach com-
parable to the proposed MATHUSLA detector.
In the following section, we will introduce the differ-
ent models with HNLs. Sec. III is devoted to describing
the detector setup and the details of the simulation. In
Sec. IV we present the numerical results. We conclude
and summarize our findings in Sec. V.
II. MODEL BASICS
A. The minimal HNL scenario
The minimal HNL model adds n species of HNLs
to the particle content of the SM. They enter both
charged-current (CC) and neutral-current (NC) interac-
tions, suppressed compared to the SM electroweak cou-
pling strength by small mixing parameters:
L = g√
2
VαNj
¯`
αγ
µPLNjW
−
Lµ +
g
2 cos θW
∑
α,i,j
V LαiV
∗
αNjNjγ
µPLνiZµ, (1)
where i = 1, 2, 3, j = 1, .., n, and `α (α = e, µ, τ) are
the charged leptons of the SM. VαNj labels the mixing
between SM light neutrinos and the HNLs of mass mNj .
By V Lαi we denote the mixing within the active neutrino
sector, in the basis where the charged lepton mass matrix
is diagonal. With this choice of basis, the elements of V Lαi
corresponds to the mixing angles measured in oscillation
experiments.
Neutrino data requires that n ≥ 2. However, for sim-
plicity we assume that there is only one species of the
HNL, N , light enough to be produced at the LHC. We
treat VαN as a free parameter, to be determined exper-
imentally, and calculate the total decay width of the
HNL using the analytical formulas given in Ref. [30].
Such HNLs are most dominantly produced from on-shell
decays of various kinds of SM particles at the LHC.
For this minimal HNL scenario, we take into account
different production channels: D−mesons, B−mesons,
W−bosons, Z−bosons, SM Higgs bosons h, and the top
quark t. For the mesons channels, we include into the
calculation both three-body and two-body decays. Note
that there is a recent study on the sensitivity of future
experiments for three-body decays of mesons [31].
B. The minimal left-right symmetric model
We consider the minimal left-right symmetric model
which has gauge group SU(3)C × SU(2)L × SU(2)R ×
U(1)B−L [24, 25]. Right-handed neutrinos are necessarily
present in this model in the right-handed lepton doublet.
Breaking the left-right symmetry group to the SM group
via a right triplet scalar generates Majorana masses for
the right-handed neutrinos and thus automatically a see-
saw mechanism [26].
The CC and NC interactions relevant for our analysis
are
L = gR√
2
(
d¯γµPRu+ V
R
αN · l¯αγµPRN
)
W−Rµ + (2)
+
gR√
1− tan2 θW (gL/gR)2
×
ZµLRf¯γµ
[
T3R + tan
2 θW (gL/gR)
2 (T3L −Q)
]
f
where V RαN is the right-handed sector neutrino mixing
matrix. Different from VαN describing left-right mix-
ing, one expects that the entries of V RαN are O(1). The
charged WL,R-boson states can be expressed in terms of
the mass eigenstates, by a mixing angle ζ. Since ζ  1,
for simplicity we will call the W -bosons WL,R, instead of
the more correct (but somewhat awkward) W1,2.
For the production of the right-handed neutrinos at
the LHC in this model, there are different contributions.
First, there is the on-shell production of WR, with the
WR decaying to N + lα. Second, N can appear in the
decays of mesons, through the decays of off-shellWL, sup-
pressed by the small active-sterile neutrino mixing VαN .
And, finally, mesons can decay via off-shell WR to N plus
charged leptons3. Relative to the off-shell WL contribu-
tion, the off-shell WR contribution then can be estimated
via |VαN |2 → |V RαN |2
(
gR/gL
)4(
mWL/mWR
)4
. For our
sensitivity estimates, we assume that |VαN |2 is given by
the naive seesaw estimate and, thus, small enough that
theN production from meson decays and the decay width
of N are dominated by the off-shell WR contribution.
Note, that contributions to N decay from off-shell ZR
are completely negligible in this approximation.
We will again focus on the case with only one right-
handed neutrino N within the kinematic region of inter-
est (mN <∼ mB). We will use gL/gR = 1 in our numerical
study, the results can be easily scaled to other values of
gR.
3 See Ref. [32] for an earlier study on the sensitivity of meson
decays in the LRSM at a number of future searches.
3C. HNLs in U(1)B−L
One of the simplest SM extensions automatically pre-
dicting HNLs is adding a gauged U(1)B−L to the SM
gauge group [33, 34]. The model variant we will be
using in our numerical estimate and its implications
for accelerator searches has been discussed recently in
Refs. [27, 28, 35–37]. Apart from the HNLs, the model
predicts a Z ′ and (at least) a second Higgs. This new
scalar, required to break U(1)B−L, will mix with the
(mostly) SM Higgs, observed at the LHC, via a small
mixing angle β.
Two new channels for producing HNLs, besides the
standard active-sterile neutrino mixing, then exist in this
model. First, HNLs can be pair produced from a light
Z ′ decay [28], or, second, the SM-like Higgs will decay
through mixing to a pair of HNLs [27, 35]. In our numer-
ical calculation, we choose to concentrate on the SM-like
Higgs decay channel. The decay width of the HNLs to
SM particles in this model again is proportional to the
mixing |VαN |2.
We choose the benchmark values for the model param-
eters, following the discussion and choices in Refs. [27,
38]:
mN = 1− 60 GeV, VαN = 10−9 − 10−2,
mZ′ = 6 TeV, g
′
1 = 0.8, x˜ = 3.75 TeV, (3)
mH = 450 GeV, sinβ = 0.3,
where x˜ = mZ′/2g
′
1 is the VEV of the extra scalar, β
is the scalar mixing angle, and mH is the mass of the
heavier scalar. (The latter does not affect our calculation
directly.) Ref. [38] derived current lower (upper) limits
on mZ′ (g
′
1) by recasting the ATLAS and CMS searches
[39, 40]. As for the latest bounds on mH and sinβ, one
may refer to Ref. [29].
The decay width of the SM-like Higgs into a pair of
HNLs for one single generation is [35]:
Γ(h→ NN) = 1
2
m2N
x˜2
sin2 β
mh
8pi
(
1− 4m
2
N
m2h
)3/2
, (4)
where we assume that among the three generations of
HNLs predicted, only one generation labelled with N is
below the Higgs decay threshold: mN < mh/2.
The decay branching ratio of the SM-like Higgs bosons
into a pair of HNLs can then be written as:
Br(h→ NN) = Γ(h→ NN)
Γ(h→ NN) + cos2 β ΓhSM
, (5)
where ΓhSM = 4.1 MeV [41] is the SM Higgs total decay
width for mh = 125.10 GeV.
Production cross section for a pair of N ’s is expressed
with the following formula:
σ(pp→ h→ NN) = cos2 β · σ(pp→ h)SM · Br(h→ NN),
(6)
where the SM production cross section of the Higgs bo-
son is modified by a factor cos2 β and Br(h → NN) is
calculated with Eq. (5).
III. DETECTOR SETUP & SIMULATION
Fig. 1 shows two profile sketches of the ANUBIS detec-
tor setup in the y−z and x−z planes, respectively, where
the collider beams are oriented along the z−direction.
The cylindrical detector is horizontally (vertically) dis-
placed from the IP with a distance dh = 5 (dv =24) m.
It has a length of lv = 56 m and a diameter lh = 18 m.
With four tracking stations, the detector may be divided
into three segments with the length of each segment lsegv
roughly equal to 18.7 m. We label the polar angle of a
sample long-lived Ni with θi.
The total number of HNLs produced is calculated with
nN = nM · Br(M → nN) · n, (7)
dv
dh
lv
lh
θi
z
y
IP
lsegv
dh
lh
z
x
IP
FIG. 1. Profile sketches of the ANUBIS detector in the y− z
and x − z planes, respectively. In the upper plot we depict
a sample long-lived HNL by the arrowed dashed line with θi
labeling its polar angle.
4M bb¯ cc¯ h tt¯ W Z
σM [pb] 6× 108 2× 1010 6× 101 1× 103 2.1× 105 6.4× 104
TABLE I. (Rough) production cross section of each type of
mother particles of the HNLs at LHC with
√
s = 14 TeV. For
cc¯ we take into account all of D0, D+, Ds, and D
0∗ mesons.
For references see text.
where nM stands for the total number of a mother par-
ticle M produced. For high-luminosity LHC’s integrated
luminosity Lint = 3 ab−1 and the center-of-mass energy√
s = 14 TeV, nM = Lint ·σM for M = h, W, and Z, and
twice that for M being D−mesons, B−mesons, and top
quarks, since the latter are mainly pair-produced at the
LHC. σM denotes the production cross section of each
channel, and Br(M → nN) labels the decay branching
ratio of M into n N ’s (n = 1, 2, . . .). In Table I, we
list the production cross section over a whole sphere for
each channel at the LHC for
√
s = 14 TeV. We follow
the procedure explained in Ref. [42] to obtain σM for
D−, B−mesons, W−bosons, and Z−bosons at √s = 13
TeV. We then rely on the Monte-Carlo (MC) simulation
tool Pythia 8.243 [43, 44] to extrapolate the cross sec-
tion to
√
s = 14 TeV. Slightly depending on the pro-
duction channel, cross sections are changed by roughly a
factor ∼ 1.07 by this change of √s. As for the production
cross section of h and tt¯, we extract the numbers from
Refs. [45, 46].
We express the total number of visible displaced ver-
tices inside the ANUBIS as a function of nN , average de-
cay probability inside the fiducial volume 〈P [N in f.v.]〉,
and the decay branching ratio of the HNLs into visible
states (we include all the decay channels except the com-
pletely invisible tri-neutrino one):
nvisN = nN · 〈P [N in f.v.]〉 · Br(N → visible), (8)
where 〈P [N in f.v.]〉 is estimated by performing MC sim-
ulation with Pythia 8:
〈P [N in f.v.]〉 = 1
nMCN
nMCN∑
i=1
P [Ni in f.v.]. (9)
nMCN labels the total number of MC-simulated N ’s and
P [Ni in f.v.] denotes the individual decay probability of
each simulated N taking into account the detector ge-
ometry of ANUBIS and the kinematics of the HNLs. To
evaluate P [Ni in f.v.], we divide the ANUBIS decay vol-
ume into three segments corresponding to its 4 equally
spaced tracking stations and add up the decay probabil-
ities inside each segment:
P [Ni in f.v.] =
3∑
j=1
δφj
2pi
· e
−Lj
i
λz
i · (1− e−
L
j′
i
λz
i ) , (10)
δφj = 2 arctan
lh/2
dv + (2j − 1)/2 · lsegv , (11)
Lji = min
(
max
(
dh,
dv + (j − 1) · lsegv
tan θi
)
, dh + lh
)
,
(12)
Lj
′
i = min
(
max
(
dh,
dv + j · lsegv
tan θi
)
, dh + lh
)
− Lji ,
(13)
λzi = β
z
i γi c τ . (14)
Eq. (14) calculates the boosted decay length of the i−th
simulated N along the beam direction, making use of its
speed in the longitudinal direction βzi , boost factor γ,
and proper lifetime τ with c denoting the speed of light.
The speed and boost factor can be easily obtained from
kinematic information of the HNLs provided in Pythia
8:
βzi = |pzi /E|, γi = Ei/mN , (15)
where pzi is the momentum along the z−direction, and
Ei is the energy. For the azimuthal angle coverage we
choose the middle position of each segment in order to
fix the reference height.
We simulate 100k events for each parameter point us-
ing Pythia 8. In order to obtain the maximal number of
statistics, we require the mother particles to exclusively
decay in the channels leading to HNL production. We
then calculate the decay branching ratios of the mother
particles into HNLs analytically.
We cross-checked the usage of Eq. (10) by including
N ’s decay in Pythia 8 and simulating 10 million events
and compared the sensitivity plots of both approaches.
This method is very time-consuming and does not lead
to smooth sensitivity curves even with 10 million MC
events. However, overall both calculations lead to similar
final results.
IV. RESULTS
We present numerical results in this section. As
discussed in Ref. [1], ANUBIS should be a nearly
background-free experiment. Backgrounds from cosmic
rays should be negligible as a result of directional cuts.
A more important background source could be long-lived
neutral SM particles, such as K0L, which might reach
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FIG. 2. The sensitivity estimates for ANUBIS, compared with
MATHUSLA, CODEX-b and FASER2, in the plane branch-
ing ratio versus cτ , for HNLs from D-decays (upper plot) and
B-decays (lower plot), in the context of the minimal HNL
scenario.
ANUBIS and decay within the detector volume. Ref. [1]
proposes to use the ATLAS calorimeter as an active veto
to eliminate this background. In our figures below we
always show the 3-events sensitivity lines for ANUBIS.
In case zero background can be reached, these lines cor-
respond to 95% C.L. (confidence level) limits.
A. Sensitivities for different production modes
In Fig. 2 we present sensitivity estimates for ANUBIS
for a long-lived neutral fermion of mass 1 GeV, produced
from D− and B−mesons decays, using the minimal
HNLs as the benchmark model. The two plots in the fig-
ure show the plane Br(D/B → N +X)·Br(N → visible)
vs. cτ , where cτ is the proper decay length of N , and
Br(N → visible) ≈ 91.2% for mN = 1 GeV.
The exclusion-limit isocurves for CODEX-b (300
fb−1), FASER2 (3 ab−1), and MATHUSLA (3 ab−1) are
reproduced from Ref. [42]4. As the figure shows, for both
B- and D-decays the minimum branching ratios that can
be explored are very similar for ANUBIS and MATH-
USLA, despite ANUBIS having a much smaller instru-
mented volume. This can be simply traced to the much
smaller distance of ANUBIS from the IP. As a result of
this and of the fact that the HNLs of mass 1 GeV trav-
eling inside the window of MATHUSLA typically have
boost factors larger than those of the HNLs traveling
towards ANUBIS by less than a factor 2, relative to
ANUBIS, MATHUSLA’s maximal sensitivity occurs at
larger values of cτ . Compared to FASER2 and CODEX-
b, ANUBIS shows clearly better sensitivity. Note that
the huge change in FASER2’s sensitivity relative to the
other experiments, when going from B- to D- meson de-
cays. This is caused by the very forward position of
FASER2, with lighter particles produced more forward
at the LHC. Recall, that CODEX-b is supposed to have
only 103 m3 of decay volume, with FASER being even
smaller, while ANUBIS will have roughly 1.5×104 m3 of
volume.
We also comment on the usage of the mean value of
β · γ for calculating the decay probability in Ref. [42].
For large cτ in the linear regime, this choice is a good
approximation. However, for small values of cτ , the tail
of the β · γ distribution has a dominant contribution to
the decay probability, and thus using the average β · γ
underestimates the reach in the decay branching ratios
of the mesons into HNLs.
B. Results- the minimal scenario and the LRSM
We show the results for the minimal model of HNLs
in Fig. 3 in the plane |VαN |2 vs. mN , where we con-
4 The setup of “FASERR” considered in Ref. [42] is only slightly
different from the approved configuration of FASER2 described
in Ref. [47], and the final results should be similar. During
the completion of this work, we noticed that when we pro-
duced the plots in Fig. 1 of Ref. [42], we mistakenly failed to
absorb the phase space suppression factor for a massive HNL
into Br(B (D) → N + X), leading to a reduction of a factor
∼2 (10) in Br(B (D) → N + X) reach for the left (right) plot
of Fig. 1 in Ref. [42]. This computational mistake has been cor-
rected here and the curves are updated in Fig. 2. The final results
of Ref. [42] are unaffected by this error.
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FIG. 3. The sensitivity reach of ANUBIS for HNLs produced
from different channels (upper figure) and reach compared to
other future experiments (lower figure), in the context of the
minimal HNL scenario, with one generation of N mixing with
να, α = e/µ.
sider one generation of N mixing with either νe or νµ
but not both (α = e/µ). The upper plot compares the
exclusion limits among different production channels at
ANUBIS, while the lower compares combined sensitivi-
ties of the dominant production modes: B−, D−mesons,
and W−bosons at ANUBIS with the limits at other fu-
ture experiments. We show in the gray area in the back-
ground the experimentally excluded region of the param-
eter space based on the summary given in Ref. [48], in-
cluding the searches from CHARM [49], PS191 [50], JINR
[51], and DELPHI [52]. For the other future experiments,
we extract the sensitivity projections from a series of
past studies [6, 10, 42, 53–55]. Note that for the sen-
sitivity prediction of DUNE extracted from Ref. [53], we
only show the results for the HNLs mixing with the elec-
tron neutrinos. For the muon mixing case, the sensitivity
limits only get reduced at roughly two mass thresholds
mK −mµ ∼ 400 MeV and mD −mµ ∼ 1800 MeV, com-
pared to the case where the electron mixing is dominant.
Therefore, in order to keep the plot clean, we refrain from
showing the muon mixing sensitivity curve for DUNE.
The comparison among different production modes
shows that the heavy meson decays into HNLs have
the strongest reach in |VαN |2 at O(10−9) (5 × 10−10)
for mN <∼ 4 (∼ 1.7) GeV, and that the W−channel
(W+ → e+/µ+N) extends the mass reach to almost
mN =6 GeV for mixing squared of ∼ 2 × 10−8. Com-
pared to these channels, the Higgs bosons (h → Nνα),
top quarks (t→W+b, W+ → e+/µ+N), and Z−bosons
(Z → Nνα) would have more limited contributions.
The lower plot of Fig. 3 compares the different future
experiments’ sensitivities on minimal HNLs. The exclu-
sion limits of ANUBIS are comparable to that of MATH-
USLA for mN <∼ 4 GeV, and show the advantage for mN
slightly larger than 4 GeV by virtue of its better accep-
tance for HNLs produced from W−bosons decays, where
MATHUSLA loses sensitivity.
The plots shown in Fig. 3 are valid for α = e, µ, assum-
ing that the efficiencies for electrons and muons in ANU-
BIS are at least approximately equal. We also want to
comment briefly on possible constraints on VτN . Ref. [1]
does not contain any information on detection efficien-
cies for τ ’s. Thus, we can not give definite predictions
for VτN . However, a few qualitative comments might be
in order. Both of ANUBIS and MATHUSLA are sparsely
instrumented, large-volume tracking detectors. In both
experiments, muons will show up as single tracks, while
taus will give either one or three collimated tracks. A
discussion of tau detection in MATHUSLA can be found
in Ref. [56]. The HNLs sensitivity curves for VµN and
VτN shown in Ref. [3] allow us to estimate the sensitivity
loss for MATHUSLA for the case of taus, to be in the
order of (30−50) for mixing squared, depending on HNL
mass. Given the similarities in the detector principles, it
may not be unreasonable to suppose that the numbers for
ANUBIS should be of a similar order. However, without
more concrete input from the experimental side, we are
unable to make more definite predictions in this paper.
For the HNLs produced from B− and D−mesons de-
cays via an off-shell WR at ANUBIS, we may re-interpret
the corresponding results in the context of the mini-
mal left-right symmetric model, by making the simple
substitution |VαN |2 →
(
mWL/mWR
)4
, since we assume
V RαN ∼ O(1) and gL/gR = 1, as discussed in Sec. II. We
perform the same substitution on the HNL sensitivities
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FIG. 4. The sensitivity reach of ANUBIS compared with
other future experiments in the context of the minimal left-
right symmetric model. All the curves are for HNLs produced
from bottom and charm mesons decays except one MATH-
USLA limit on the lower right which is for on-shell WR de-
cays.
of SHiP, MATHUSLA, AL3X, CODEX-b, FASER, and
FASER2 as well, as their physics reaches are also domi-
nated by the mesons channels. We refrain from showing
the ATLAS expectations as they are sensitive to larger
values of mN . We further extract the MATHUSLA sensi-
tivity for on-shell WR decays at the HL-LHC from Ref. [3]
considering the Keung-Sejanovic´ process [57]. The re-
sults are presented in Fig. 4 in the plane mWR vs. mN .
We find that for mN below the bottom meson threshold
the heavy meson decays to HNLs provide the strongest
probe for mWR , while the limits coming from on-shell
WR’s are restricted to mWR ≤ 5 TeV.
C. Results-HNLs from SM-like Higgs decays in
U(1)B−L model
We present the results for another non-minimal HNL
scenario with a new U(1)B−L gauge group and focus
on the SM-like Higgs decay into a pair of HNLs which
mix with νe/µ. With the selected benchmark parameters
given in Eq. (3), we obtain the sensitivities in the plane
|VαN |2 vs. mN , shown in Fig. 5. The gray band indicates
the interesting area of the parameter space correspond-
ing to the type-I seesaw limits for light neutrino masses
between 0.01 eV and 0.3 eV. The calculation of the decay
probability of HNLs inside MATHUSLA follows from ap-
plying the formulas given in Ref. [58] for the 200 m ×200
m ×20 m setup. We find that for mN between 5 (6) GeV
FIG. 5. The sensitivity reaches of ANUBIS and MATHUSLA
for HNLs produced from the SM-like Higgs decays in the con-
text of the U(1)B−L model.
and 52 (60) GeV, MATHUSLA (ANUBIS) may probe the
type-I seesaw limits on |VαN |2 for the considered range
of mν . Though the two detectors show similar sensitivity
reaches, compared to MATHUSLA ANUBIS is sensitive
to slightly larger values of |VαN |2 mainly because of its
shorter distance from the IP. The sensitive area in the
parameter space presented here may shrink if in the fu-
ture the experimental upper (lower) bound on the scalar
mixing angle β (scalar VEV x˜) gets more constrained.
V. CONCLUSIONS
Searches for new physics in the form of long-lived par-
ticles have become one of the most studied objectives
in the high-energy physics community in the past few
years. While many BSM models predict new particles
with long lifetimes, heavy neutral leptons, with the possi-
bility to explain the non-vanishing active neutrino masses
in a natural way, are perhaps among the most frequently
investigated scenarios for LLPs.
In this work we have studied the sensitivity reach for
GeV-scale HNLs for a recently proposed external detec-
tor at ATLAS or CMS, named ‘ANUBIS’ [1] by perform-
ing a Monte-Carlo simulation. We considered not only
the minimal HNL scenario where both production and
decay of the HNLs are controlled by the active-sterile
neutrino mixing, but also extended theoretical scenar-
ios: (i) a left-right symmetric model and (b) a U(1)B−L
model. In the minimal scenario, ANUBIS shows simi-
lar sensitivities in |VαN |2 (α = e/µ) as MATHUSLA for
8mN <∼ 4 GeV, but has slightly larger HNL mass reach,
thanks to a larger contribution from W−boson decays.
We have recast the results of the minimal scenario for
HNLs produced from heavy mesons decays into the pa-
rameter space of the LRSM (WR vs. mN ) where both
the production and decay of the HNLs proceed via an
off-shell WR, and have compared ANUBIS with other ex-
periments. Fig. 4 shows that for mN below the B−meson
threshold, the future experiments SHiP, ANUBIS, and
MATHUSLA would have the largest reach in mWR .
Finally, we estimate the exclusion limits of ANUBIS
and MATHUSLA for the U(1)B−L extension of the Stan-
dard Model. For the HNL production, we focus on the
SM-like Higgs boson decaying into a pair of HNLs. In
Fig. 5 we show that ANUBIS and MATHUSLA have sim-
ilar sensitivity reaches in the plane |VαN |2 vs. mN , and
both may cover a large part of the parameter space cor-
responding to the type-I seesaw predictions based on the
active neutrino masses between 0.01 eV and 0.3 eV.
We conclude that in general ANUBIS is comparable to
MATHUSLA in sensitivity for probing long-lived HNLs
in different models, despite its decay volume being much
smaller. MATHUSLA is more sensitive to exotic physics
with larger values of cτ , as a result of its larger distance
from the IP, which, however, leads only to little advan-
tage in concrete HNL models.
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